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Abstract 
An intelligent dynamic alignment system for a Michelson interferometer which is applied to a Mid-infrared band 
Fourier transform spectrometer (FTS) is presented. Three photodiodes are used to detect the tilt of moving mirror 
opposite to fixed mirror with the assistance of the interfered signal of a reference He-Ne laser. This technique is 
based on detecting the phase difference of laser signal between every two diodes in two perpendicular directions. 
And four magnetic actuators behind the mounting brace of fixed mirror are used to change the pose of fixed mirror. 
The system is controlled by a digital signal processor (DSP) in real-time. A feedback algorithm is used to tilt fixed 
mirror following the action of moving mirror so as to keep both mirror planes in perpendicular. Experiment result 
shows that the relative tilt between two reflecting mirrors can be restricted in a range no more than 1.5×10-6rad. 
This system is effective and reliable to be applied to scanning interferometer of Fourier transform spectrometer. 
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1. Introduction 
 The advantages and improved performance of Fourier transform spectrometer result from the using 
of Michelson interferometer [1]. This structure permits the measurement of entire spectral range of a 
sample in a fraction of the time that grating spectrometer requires. And the sensitivity of Fourier 
transform spectrometer is much higher than grating spectrometer because of the relatively larger 
luminous flux. The key point for Michelson interferometer operation is to maintain the right relative 
position of both reflectors. To keep the fixed mirror in right position with moving mirror when the latter 
scan to modulate the interfered light, an automatic system for driving the fixed mirror rotate referring to 
the action of moving mirror is necessary for the interferometer. Some literatures propose the position 
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error of moving mirror can be restricted by introducing cube-corner reflectors into interferometer [2]. The 
cube-corner reflector can reflect the light back in its incident path. If the two reflecting arms are replaced 
by cube-corner reflectors whose natural optical features determine its resistance to the misalignment, no 
dynamic alignment system is required in principle. However, the two corner-cube reflectors must have a 
higher optical quality, and still may trim the beams that pass through the beam splitter. Flat mirrors are 
used as reflector in a high resolution Fourier transform spectrometer for laboratory utility, so an 
intelligent dynamic alignment system behind fixed mirror was designed in order to improve the stability 
and magnitude of interfered signal and the quality of spectrum plots from spectrometer. 
 This technique corrects the tilt of moving mirror during scanning. In the past, several systems with 
similar function have been developed. A dynamic alignment control system based on piezoelectric 
transducer (PZT) was proposed in literature [3]. And some other automatic alignment systems were 
described in literatures [4] – [6]. In this paper we put forward a novel dynamic alignment system based 
on electrical magnetic force as an important part of the project on the development of a Mid-infrared 
Fourier transform spectrometer for laboratory use. A digital signal processor (DSP) was used to control 
the electromagnetic actuators automatically without the assistance of any other controller to regulate the 
pose of fixed mirror in real time, and it also can communicate with the program on PC through a 
computer interface, such as USB interface. Therefore, we call this an intelligent dynamic alignment 
system. The test of our alignment system verified that it is effective in the operation of the Mid-infrared 
band Fourier transform spectrometer (FTS) to keep both reflector in perpedicular in retardation. And our 
work in literature [7] proves that it also can be used to increase the performance of the interferometer in 
some other FTS.  
2. Model Analysis 
 Although the beam splitter and fixed mirror are solidly installed in Michelson interferometer, the 
moving mirror in retardation system tends to tilt or wobble while it scans back and forth, because of the 
mechanical errors that exist in mounting and driving system. Consequently, the fixed mirror and moving 
mirror will not be perpendicular with each other on scanning. Before the dynamic alignment system was 
designed, a theoretical model of Michelson interferometer was built up and analyzed. Fig. 1 gives an 
abstract example of the model with three planes, through which the interfered signal affected by the 
vibration of moving mirror was simulated and evaluated. In this interferometer model, the incident 
collimated infrared beam was split by beam splitter to two reflector planes. And the reflected beams are 
combined together and interfered onto interference plane. A series of theoretical analysis worked out the 
relationship between tilt angle and the quality of interfered infrared signal[7]. 
 In reality, the moving mirror was stuck to one end of a mass block connected to a linear voice coil 
motor (VCM) driving system which is made up of two graphite cylinders and an actuating coil. And the 
whole driving system was put into a glass tube to reduce friction in retardation because of a low friction 
coefficient between glass tube and graphite piston. For calculating the maximum tilt angle of this system, 
the length between two fulcrums on internal wall of glass tube is 5cm, and the measurement of the gap 
between graphite piston and glass tube is about 10 m. Thus, the practical maximum value of tilt angle is 
about 200×10-6rad according to the geometrical relationship of these two parts in retardation system. 
However, this magnitude of tilt angle is sufficient to cause a significant variation to interfered infrared 
signal. With the increasing of tilt angle, the efficiency of modulation decreases. 
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Fig. 1 An abstract model of Michelson interferometer 
3. Dynamic Alignment System 
 Fig. 2 shows a schematic diagram of three photodiodes and four magnetic actuators. The 
photodiodes were placed respectively on the vertexes of a right angled isosceles triangle, and the four 
actuators were set on every corner of a square rectangle respectively. The optical axis of the expanded 
reference laser beam and infrared beam should coincide with each other, so the photodiode A should be 
positioned in the center of the spot of laser beam. The four magnetic actuators which can produce enough 
tilt that bigger than 200×10-6rad. The fixed mirror was regulated with respect to the tilt of moving mirror 
through increasing or decreasing the voltage signals applied across to particular magnetic actuators which 
were controlled by a feedback alignment algorithm in a digital signal processor. Fig. 2 also shows the 
relative position of the three photodiodes to the four magnetic actuators in interferometer. The 
photodiodes were placed in front of the entrance of the interferometer, and the four actuators were 
installed behind the mounting brace for fixed mirror. The projective image of diode A through the 
interferometer optic system should be coincident with the center point of the four actuators, which is also 
the central point of the round fixed mirror. Axis X passes through diode A and C, and axis Y passes 
through diode A and B. Line U that connects actuator 1 and 4 must be parallel with axis X, and as the 
same, line V that connects actuator 2 and 3 must be parallel with axis Y. The coils of actuator 1 and 4 
were series-wound and the coil of actuator 2 was wound in series with the one of actuator 3. When the 
current passes through the coils of two actuators on the cross, the generated magnetic forces of them 
should have same magnitude but be on opposite directions. That means one actuator must attract the 
opposite magnet while the other repels the related magnet, because the two actuators on the same 
diagonal must stretch towards opposite directions to make the fixed mirror rotate around the other 
diagonal. The advantage of this structure is that it can decrease the voltage applied to actuator to a half of 
that applied to only one actuator when generating the same tilt angle. 
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Fig. 2 Schematic diagram for the position of the photodiodes and four magnetic actuators 
 A monochromatic He-Ne laser source with wavelength 632.8nm was used as a reference laser in 
interferometer system and was detected by the three photodiodes. The beam of laser source is slim, so a 
beam expander was put on the top of laser to produce a laser spot that big enough to cover the three 
photodiodes when diode A is positioned in the center of the spot. The electric output signals of diode 
during scanning are a set of sine waves with a known wavelength the same as laser source [8]. This 
structure determines that the tilt around axis X can be detected by the phase difference between 
photodiode A and B, and the tilt around axis Y can be detected by phase difference between diode A and 
C.  
 Four permanent magnets opposite to four electromagnetic force units were stuck to behind the 
mounting brace of the fixed mirror. The dynamic alignment control program in the DSP alters the 
voltages applied across to four magnetic actuators to produce different magnetic force. And the magnetic 
force distribution of the four actuators was calculated according to dynamic alignment algorithm for 
tilting fixed mirror following the pose of moving mirror in order to decrease the phase differences 
between diode A and B or between diode A and C. Our previous research reported in literature [7] worked 
out the equation (1) as following for converting to the tilt angle from the phase difference obtained by 
logic circuit. And it was also mentioned that the error tolerance of the tilt angle can be educed by (2) as 
the wavelength range of spectrometer is from min to max and the diameter of round flat reflecting mirror 
is D. Thus, in the following description, the tilt angles around axis X and axis Y are going to be defined as 
 and  for convenience. 
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4
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 In above equations, it is assumed that the coordinates of diode A, B, C were (0, 0), (0, -lY), (lX, 0). AB 
and AC were the phase differences between diodes along axis Y and axis X. And then the phase 
differences can be digitalized by a digital counter in a complex programmable logical device (CPLD). 
After the quantified phase differences were adopted by DSP, the tilt angles on both directions can be 
calculated according to (1). The feedback control algorithm uses tilt angles input to monitor the action of 
moving mirror. Then, the digital signals of driving voltage were calculated out in DSP and sent to digital 
to analog converters (DAC) from DSP to drive those four actuators to keep two reflecting arms in 
perpendicular. 
4. Experiment Result 
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 The system was tested for the effect of dynamic alignment control during an experimental scan. Our 
aim here was to investigate the behavior of the controller system following the moving mirror tilt error 
and also the phase differences between three photodiodes during the whole scan process, so as to see the 
effect of dynamic alignment control to the capacity of the Fourier transform spectrometer. 
 Fig. 3 shows respectively the plots of  and  changed with the optic path distance (OPD) before the 
dynamic alignment system was applied. Each scan consisted of 1000 samples of the tilt angle, and all 
data were acquired from the memory of DSP. It can be seen that the tilt angles of moving mirror on both 
directions increased with the OPD increasing. So if there wasn’t a dynamic alignment system applied to 
the interferometer the modulation efficiency will deteriorate. Fig. 4 shows that the fluctuation of  can be 
limited within a small scope with the help of dynamic alignment system, and the status of  during the 
same scan was very similar to ’s, so only the value of error tolerance of  is given here instead of the 
plot of it for saving valuable room. The tilt error of  was ±0.25 arc second. And the tilt error of  was 
±0.18 arc second. After converting from angle unit to radian unit, the tilt errors of  and  were ±1.2×10-
6rad and ±8.7×10-7rad respectively. However, the spectral range of the Michelson interferometer was 
from 4000cm-1 to 400cm-1 in wave number (in other words, from 2.5 m to 25 m in wavelength), and the 
diameters of both reflecting mirrors are 2inch (about 5cm). Therefore, the error tolerance for tilt angle in 
this system should be about 7.1×10-6rad according to (2). The practical tilt errors on both directions were 
all much smaller than the system requirement. These experiment data in above verified that the feedback 
control system succeeded in keeping alignment dynamically of both reflecting mirrors, and restricted the 
tilt angle fluctuation in an acceptable extent. 
 
Fig. 3 Plots of  and  changed with retardation while without the operating of dynamic alignment system 
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Fig. 4 Plots of  changed with retardation when the dynamic alignment system was applied to the interferometer 
 And on the other hand, the signals from diodes A, B, and C are displayed in Fig. 5. These signals 
were observed by an oscilloscope, and displayed on screen in real-time. The Fig. 5(a) shows the existence 
of phase difference between the sine wave signals of diodes A and C when scanning without a dynamic 
alignment system applied to interferometer. And Fig. 5(c) shows that the phase difference between diodes 
A and C was extinct when dynamic alignment system was in action. It is the same thing that, Fig. 5(b) 
and Fig. 5(d) show respectively the phase difference between the signals of diodes A and B before and 
after the dynamic alignment system was in use. This also verified that the dynamic alignment system can 
effectively distinguish the misalignment between the two reflect mirrors of the interferometer. And the 
magnitude of interfered signals of both reference laser and infrared are increased while the dynamic 
alignment system is working. 
 
Fig. 5 Signals from photodiodes A, B and C before and after the dynamic alignment control was applied 
5. Conclusion 
 An effective intelligent dynamic alignment system for the interferometer of Fourier transform 
spectrometer is described in this paper. It resists the optic system of the instrument from the influence of 
ambient environment, such as external vibration and temperature undulation. And it is able to restrict the 
relative tilt between both reflecting mirrors in a very low level, with an average error no more than 
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±1.5×10-6rad. A reference He-Ne laser and three photodiodes are used for phase error detection. The DSP 
controlled system with a PID feedback algorithm permits the operation of alignment be done 
automatically in real time, and permits the controlling board communicate with software in computer. 
The experiment result proves that this system is effective in restricting the tilt angle of both reflecting 
planes and improving the operation stability of interferometer and the capacity of the Fourier transform 
spectrometer. 
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